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SUMMARY

Severe strongyloidiasis has often been reported to occur in some patients infected with both Strongy-
loides stercoralis (S. stercoralis) and human T-cell leukaemia virus type 1 (HTLV-1); however, there are
few useful predictive markers for the risk of development of strongyloidiasis in these patients. To search
for such predictive markers, we examined peripheral blood and stool samples of individuals infected
with both §. stercoralis and HTLV-1 in Okinawa, Japan, an area in which both of these are endemic. The
HTLV-1 proviral load and antibody titre were examined in relation to the S. stercoralis load as measured
by the direct faecal smear method in patients infected with both S. stercoralis and HTLV-1. The Epstein-
Barr virus (EBV)-associated nuclear antigen (EBNA) antibody titre was also measured in these
patients in order to examine the relationship between host immunity and HTLV-1 proviral load or anti-
body titre. The direct faecal smear-positive group showed both a higher HTLV-1 proviral load and
HTLV-1 antibody titre than the -negative group (P < 0-05). In contrast, inverse correlations of these
parameters with the EBNA antibody titre were observed, especially for proviral load (p =-0-387, P
< 0:05). These results suggest that HTLV-1 proviral load and antibody titre influence the S. stercoralis
load via disturbance of the host immunity, and that proviral load would be an especially useful predic-
tive marker of the risk of development of strongyloidiasis in patients infected with both S. stercoralis

and HTLV-1.
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Human T-cell leukaemia virus type 1 (HTLV-1) is a human retro-
virus aetiologically associated with adult T-cell leukaemia (ATL)
[1,2] and with chronic inflammatory disorders such as tropical
spastic paraparesis/HTLV-1-associated myelopathy (TSP/HAM)
[3,4] and HTLV-1 uveitis (HU) [5,6]. HTLV-1 is a persistent virus,
currently infecting 10-20 million people worldwide, most of
whom remain healthy.

Strongyloides stercoralis is a common intestinal parasitic nem-
atode that can undergo its life cycle and proliferate within its host.
Strongyloidiasis is a chronic, usually asymptomatic, gastrointesti-
nal infection that is mostly found in healthy individuals. However,
strongyloidiasis is apparently an opportunistic infection, and in
immunocompromised hosts or patients on immunosuppressive
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the infection and a serious illness due to the unique autoinfective
life cycle of this nematode [7,8].

Strongyloidiasis is relatively common in tropical and subtrop-
ical areas, while HTLV-1 carriers have a unique geographical dis-
tribution in the world [9]. In areas where S. stercoralis and HTLV-
1 are both endemic, such as the West Indies and Okinawa, Japan
[10,11], patients infected with both S. stercoralis and HTLV-1 are
found. Severe strongyloidiasis, with symptoms including menin-
gitis and pneumonia, has been reported to occur in some of these
patients [12-14]. Impairment of host immunity has been reported
in HTLV-1 carriers [15-17] and suspected of being a cause of
severe strongyloidiasis in these patients [13,18]. However, there
are also many asymptomatic patients infected with both S. ster-
coralis and HTLV-1. These findings suggest that immunological
differences among individual patients infected with both S. ster-
coralis and HTLV-1 may account for the differing severity of
strongyloidiasis. To identify such differences, these patients
should be monitored and evaluated for their risk of development
of strongyloidiasis. However, stool examinations are not suitable
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for quantitative analysis of the S. stercoralis 1oad [19], and neither
IgE antibody titre nor eosinophil count in peripheral blood shows
a significant correlation with S. stercoralis load in patients infected
with both S. stercoralis and HTLV-1 [unpublished observations].
There was a trend toward severe strongyloidiasis in the group
with monoclonal integration of HTLV-1 proviral DNA analysed
by the Southern blotting procedure, however, this was not statis-
tically significant [20]. Therefore, more useful predictive markers
of strongyloidiasis are needed in patients infected with both S.
stercoralis and HTLV-1.

The purpose of this study was to identify useful markers for
predicting an individual’s risk of developing strongyloidiasis in
patients infected with both S. stercoralis and HTLV-1. Our find-
ings demonstrated that the magnitude of HTLV-1 proviral load
and anti-HTLV-1 antibody titre may be related to the develop-
ment of strongyloidiasis via disturbance of the immunity, and that
proviral load may be an especially useful predictive marker.

MATERIALS AND METHODS

Study population

Patients who were infected with S. stercaralis in Okinawa, Japan,
and who received health examinations from 1993 to 1998, were
included in the present study. They consisted of 31 HTLV-1-
positive (18 males and 13 females) and 11 HTLV-1-negative (7
males and 4 females) patients. The ages (mean * SD) were
53-6+12-3 (HTLV-1-positives) and 57-1 +8:34 (HTLV-1-nega-
tives), respectively. Informed consent for the study was obtained
from each participant. Protocols involving human subjects were
approved by our local Ethical Committee.

Diagnosis of S. stercoralis and the determination of S. stercoralis
load

Patients in this study were diagnosed with S. stercoralis by the
triplicate agar plate faecal culture method [21], which can detect
more than 95% of positive cases [19]. Triplicate examination of
direct faecal smears, which is less effective than the agar plate fae-
cal culture method [19], was also performed at the same time.
Patients who were negative in all three examinations in the direct
faecal smear tests were assumed to have ‘light’ S. stercoralis infec-
tion; all other cases were assumed to have ‘heavy’ infection.

Determination of antibody to HTLV-1

Individuals seropositive for HTLV-1 were identified by the parti-
cle agglutination test (PA test) (Serodia HTLV-1; Fujirebio,
Tokyo, Japan) and also by an indirect immunofluorescence assay
[22]. Titration of anti-HTLV-1 antibody was performed by the PA
test (Serodia HTLV-1; Fujirebio).

HTLV-1 proviral load in the peripheral blood mononuclear cells
Semi-quantitative polymerase chain reaction (PCR) amplification
of the gag region sequence for measuring the HTLV-1 proviral
load in peripheral blood mononuclear cells (PBMC) has been
described elsewhere [23]. Briefly, heparinized blood was collected
and the PBMC were separated by density gradient centrifugation
using Lymphoprep (Nicomed, Oslo, Norway). High-molecular-
weight genomic DNA of the PBMC was extracted by proteinase
K digestion and phenol/chloroform extraction. Using 0-5 ug of
genomic DNA samples as templates, the number of HTLV-1
proviral copies was determined by semiquantitative PCR ampli-
fication of the gag region of the provirus.

Determination of antibody to Epstein-Barr virus (EBV)-
associated nuclear antigen

Antibody to Epstein-Barr virus-associated nuclear antigen
(EBNA) were detected by the anticomplement immunofluores-
cence technique [24]. Raji cells were used as a source of EBNA
antigen. Fluorescein (FITC)-conjugated rabbit immunoglobulin
to human complement (C3) (DAKO, Glostrup, Denmark) was
also used. The titre of antibody was expressed as the reciprocal of
the maximum dilution of serum (2-fold serial dilutions from the
initial 1 : 10 dilution) that gave detectable fluorescence.

Statistical analysis

The Mann—Whitney U-test and the Fisher’s exact probability test
were used to analyse the statistical significance of differences.
Spearman’s rank correlation was used to assess the association
between different variables.

RESULTS

Comparison of the results of the direct faecal smear method
between HTLV-1-positive and -negative group

First we compared the results of direct faecal smears between the
HTLV-1-positive and -negative groups to determine the influence
of HTLV-1 infection on the S. stercoralis infection. The number of
S. stercoralis-positive direct faecal smears was 19 out of 31 in
HTLV-1-positive S. stercoralis patients (61:3%), whereas the
number of S. stercoralis-positive direct faecal smears was 2 out of
11 in HTLV-1-negative S. stercoralis patients (18:2%). The posi-
tive rate of the direct faecal smear method in the HTLV-1-positive
group was significantly higher than that in the -negative group
(P <0-05, by Fisher’s exact probability test) (Table 1). Some
involvement of HTLV-1 infection in increasing the positive rate of
the direct faecal smear method was therefore suspected; however,
variations among patients were also observed in the HTLV-1-
positive group.

Comparison of HTLV-1 proviral load and antibody titre between
direct faecal smear-negative and -positive groups

Because varying results of the direct faecal smear method were
observed among HTLV-1 carriers, the influence of activity of
HTLV-1 infection on the results of the direct faecal smear method
was examined. Because the HTLV-1 proviral load has been sug-
gested to reflect the activity of HTLV-1 infection [25-29], the
HTLV-1 proviral load was compared between the direct faecal
smear-negative and -positive groups. The HTLV-1 proviral load in
the direct faecal smear-negative group was 3-5% (median) with a
range of 9-7%, whereas the proviral load in the -positive group

Table 1. Comparison of the results of the direct faecal smear method
between HTLV-1-positive and -negative patients with S. stercoralis

Direct faecal smear

Negative Positive
HTLV-1
Negative (n=11) 9 2
Positive (n=31) 12 19

P <0-05, by Fisher’s exact probability test.
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was 11:0% (median) with a range of 17-0%. The difference in the
proviral load between these two groups was significant (P < 0-01,
by Mann-Whitney U-test) (Fig. 1a). The results are shown plotted
on a semilog scale in Fig. 1a. The HTLV-1 antibody titre, exam-
ined by the PA test, was also compared between the direct faecal
smear-negative and -positive groups, because HTLV-1 antibody
titre has been reported to correlate with HTLV-1 proviral load
[30]. The HTLV-1 antibody titre in the direct faecal smear-
negative group was 4,096 (median) with a range of 15,360,
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Fig. 1. HTLV-1 proviral load and antibody titre were compared between
the direct faecal smear-negative (O) (n=12) and —positive (@) (n=19)
groups. (a) HTLV-1 proviral load in the direct faccal smear-positive group
was higher than that in the -negative group (direct faccal smear-negative
group, median 3-5%, range 9-7%; direct faecal smear-positive group,
median 11:0%, range 17-0%). (b) HTLV-1 antibody titre in the direct
faecal smear-positive group was higher than that in the -negative group
(direct faecal smear-negative group, median 4,096, range 15,360; direct
faecal smear-positive group, median 8,192, range 28,672). (*P <0-01,
#*P < 0-05, by Mann—Whitney U-test)

whereas the antibody titre in the -positive group was 8,192
(median) with a range of 28,672. The difference in the HTLV-1
antibody titre between these two groups was significant (P < 0-05,
by Mann-Whitney U-test) (Fig. 1b). These results indicate that
the activity of HTLV-1 infection influenced the results of the
direct faecal smear method in patients infected with both S. ster-
coralis and HTLV-1.

Correlation between HTLV-1 proviral load and antibody titre
To examine the relationship between the results of the direct fae-
cal smear method and both HTLV-1 proviral load and antibody
titre, the correlation between HTLV-1 proviral load and antibody
titre was examined in the patients infected with both S. stercoralis
and HTLV-1. There was a tendency for the direct faecal smear
positive-group to have both higher proviral load and antibody
titre. A significant correlation (p=+0-566, P <0-01, by Spear-
man’s rank correlation) was observed between HTLV-1 proviral
load and antibody titre (Fig.2).

Comparison between EBNA antibody titre and HTLV-1
proviral load or HTLV-1-antibody titre

To examine the relationships between immune response level and
HTLV-1 proviral load or antibody titre in patients also infected
with S. stercoralis, the EBNA antibody titre, which has been
reported to reflect the immune status [31-34], was examined. An
inverse correlation was observed between the HTLV-1 proviral
load and EBNA antibody titre (p=-0-387, P < 0-05, by Spear-
man’s rank correlation) (Fig.3a). Therefore, the increase of
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Fig. 2. Correlation between HTLV-1 proviral load and antibody titre in
patients infected with both S. stercoralis and HTLV-1. The direct faecal
smear-positive group (@) had both higher HTLV-1 proviral load and anti-
body titre than the -negative group (O). A correlation between HTLV-1
proviral load and antibody titre was observed in these patients infected
with both S. stercoralis and HTLV-1 (p = +0-566, P < 0-01, by Spearman’s
rank correlation).
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HTLV-1 proviral load was suspected to be related to impaired
immunity, and almost all direct faecal smear-positive patients
were also categorized into both the groups of higher HTLV-1
proviral load and lower EBNA antibody titre. Although HTLV-1
antibody titre and EBNA antibody titre also tended to be
inversely correlated, the correlation was not significant (p=
-0-340, P < 01, by Spearman’s rank correlation) (Fig. 3b). These
results indicate that the increase of the HTLV-1 proviral load was

100 —
S
g (]
E ° X
° 10 «© O
= (] O ®
= o
[e)
s (€O
- O
>
E 1L ©
T o)
0-1 | |
2 : g
(b)
100000
2 o
2
el
o
2 © @O
c
©
- 10000
> [ ] [ @)
—
'_
T
® OsCe O [ @) [ [ ]
O O O
1000 O . !
o o o
= S g
EBNA antibody titre

Fig. 3. Relationship between EBNA antibody titre and HTLV-1 proviral
load or antibody titre. O direct faecal smear-negative patients; @ direct
faecal smear-positive patients. (a) An inverse correlation was observed
between the HTLV-1 proviral load and EBNA antibody titre (p =—0-387,
P < 0-05,by Spearman’s rank correlation). The direct faecal smear-positive
group had a higher HTLV-1 proviral load and a lower EBNA antibody
titre than the -negative group. (b) An inverse correlation tended to be
present between the HTLV-1 antibody titre and EBNA antibody titre,
however, it was not significant (p=-0-340, P < 0-1, by Spearman’s rank
correlation).

especially related to the lowering of the immune status, perhaps
resulting in the increase of the S. stercoralis load.

DISCUSSION

Severe strongyloidiasis is often seen in patients infected with both
S. stercoralis and HTLV-1; however, patients with such dual infec-
tions are thought to have various immunological differences.
Therefore, markers useful for predicting the development of
strongyloidiasis are needed for evaluating these patients. In the
present study, we found that the magnitude of the HTLV-1 provi-
ral load was related to the rate of detection of S. stercoralis in the
direct faecal smear test via the impairment of the immunity in the
patients infected with both S. stercoralis and HTLV-1.

Impairment of host immunity has already been reported in
HTLV-1 carriers [15-17]. The influence of impaired immunity due
to HTLV-1 infection on the results of stool examinations have
also been reported in patients infected with both S. stercoralis and
HTLV-1 [35]. Our results support these previous observations and
demonstrated that S. stercoralis was more frequently detected in
the HTLV-1-positive group than -negative group. However, there
were also direct faecal smear-negative patients in the HTLV-1-
positive group. Therefore, it was suspected that the immunologi-
cal level varied among the HTLV-1 positive-patients.

Because strongyloidiasis is thought to be an opportunistic
infection [7,8], patients with impaired immunity are suspected of
having an increased S. stercoralis load, and the larvae of S. ster-
coralis should be easily found in their stools by the direct faecal
smear method. In fact, increased S. stercoralis load or dissemina-
tion of S. stercoralis has been reported in patients with impaired
immunity [13,36]. Therefore, direct faccal smear-positive patients
were assumed to have heavier infection of S. stercoralis than the
smear-negative patients. If the S. stercoralis load increased in such
patients, autoinfection of S. stercoralis would be activated and the
possibility of severe strongyloidiasis would increase. Based on
these assumptions, patients infected with both S. stercoralis and
HTLV-1 were divided into two groups: direct faccal smear-nega-
tive and —positive groups, as an indicator of S. stercoralis load in
this study.

A significant increase of HTLV-1 proviral load, which has
been suggested to reflect the activity of HTLV-1 infection [25-29],
and of HTLV-1 antibody titre in the direct faecal smear-positive
group suggested that increased HTLV-1 proviral load and anti-
body titre were related to increased S. stercoralis load. In ATL
patients, whose HTLV-1 proviral load is increased [2,23,25], the S.
stercoralis load also increased and disseminated strongyloidiasis
was reported [37-39], in accord with our findings. The HTLV-1
antibody titre was suspected to have a similar relationship with S.
stercoralis load as the HTLV-1 proviral load, because the direct
faecal smear-positive group had both higher HTLV-1 proviral
load and antibody titre. HTLV-1 antibody titre was reported to
correlate with HTLV-1 proviral load [30], and our results support
this notion also in patients infected with both S. stercoralis and
HTLV-1.

A significant inverse correlation between HTLV-1 proviral
load and EBNA antibody titre showed that increased HTLV-1
proviral load reflected impairment of host immunity, because a
decrease of EBNA antibody titre has been demonstrated to
reflect decreased immunity [31-34]. The finding that the direct
faecal smear-positive group had a higher HTLV-1 proviral load
and a lower EBNA antibody titre suggested that the increase of
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HTLV-1 proviral load was related to the increase of S. stercoralis
load via the impairment of immunity. This impairment may have
caused failure of the usual immune mechanisms against S. ster-
coralis, resulting in the increase of S. stercoralis load. The HTLV-
1 antibody titre tended to be related to the EBNA antibody titre
as was the proviral load; however, this relationship was not sig-
nificant. The reason for the difference of the results between the
HTLV-1 proviral load and antibody titre remains unclear. The fact
that one is a continuous variable (HTLV-1 proviral load) and the
other is a discrete variate (HTLV-1 antibody titre) might be one of
the reasons.

Cases of severe strongyloidiasis were not included in this
study. However, a severe case of strongyloidiasis in an HTLV-1
carrier whom we have experienced [40] has been shown to have
increased HTLV-1 proviral load, and the faecal smears were pos-
itive. This case further support our findings in the present study. In
previous studies, increased HTLV-1 proviral load has been sug-
gested to be related to the activity of HTLV-1 infection [25-29]
and disease activity [41], suggesting the possibility of a relation-
ship of the proviral load with the host’s immunity. Therefore, we
propose that HTLV-1 proviral load is one of the useful predictive
markers for the risk of the development of strongyloidiasis.
HTLV-1 antibody titre could also be used as such a marker; how-
ever, as an indicator of S. stercoralis 1oad or the host’s immunity,
the proviral load is more reliable and useful for quantitative
analysis.

In conclusion, the magnitude of HTLV-1 proviral load and
antibody titre reflected the increase of rate of detection of S. ster-
coralis in the direct faecal smear test via the impairment of the
host’s immunity. Especially, HTLV-1 proviral load would be a use-
ful predictive marker for the risk of development of strongyloid-
iasis in patients infected with both S. stercoralis and HTLV-1.
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